Abstract
The aim of this study is to demonstrate the utility of sqBOLD for identifying regional 22 changes in brain oxygenation during the acute phases of stroke. Here, sqBOLD is 23 applied in a prospective cohort of patients with acute ischaemic stroke. Using performed at presentation, 2 hours, 24 hours, 1 week and 1 month whenever 6 possible. Nine consecutive patients were scanned on presentation. One patient was 7 excluded from further analysis because the final lesion ROI could not be defined (no 8 follow-up scan) and one patient was excluded from further analysis due to 9 haemorrhagic transformation at the time of the presenting MRI leading to no relevant 10 presenting data being acquired. As such, seven patients were included in the final 11 analysis (Table 1) . 12 
13
Image acquisition 14 Scanning was performed on a Siemens 3T Verio scanner for all time points. 15 Scanning protocols included diffusion weighted imaging (DWI) (three directions, 1. (GESEPI) (Yang et al., 1998) and direct measurement of R2′ using an Asymmetric 6 Spin Echo (ASE) (Wismer et al., 1988) . This FLAIR-GESEPI-ASE (FLAIR-GASE) 7 (Blockley and Stone, 2016) acquisition reduces confounding effects and when parameter maps from the FLAIR-GASE data have previously been described (Stone 22 and Blockley, 2017). In brief, the τ-series were motion corrected using the FSL linear 23 motion correction tool (MCFLIRT) (Jenkinson et al., 2002) to the spin-echo image.
24
The spin-echo image was brain extracted using the FSL brain extraction tool (BET) 25 (Smith, 2002) to create a binary mask of brain tissue and all remaining τ-weighted 1 volumes were brain extracted using this mask. This data was then fit on a voxel-wise 2 basis to obtain parameter maps of R2′ by using a weighted log-linear fit to the mono-3 exponential regime (τ ≥ 16 ms (Yablonskiy and Haacke, 1994) ). The intercept of this 4 fit is in effect the log of the ASE signal at τ = 0 extrapolated from the mono-5 exponential regime (ln(S(τ = 0)extrap)). By subtracting the log of the measured spin-6 echo signal (ln(S(τ = 0 ms)) from this value, parameter maps of DBV can be 7 produced, as previously described (Yablonskiy, 1998 ) (Equation 1). Regions of interest 14 The presenting infarct region of interest (ROI) was defined using the presenting 15 apparent diffusion coefficient (ADC) parameter map and a previously described 16 clustering method (Harston et al., 2015) , as follows. Binary masks of presenting ADC 17 lesions were automatically generated using a threshold-defined (620 x 10 -6 mm 2 /s) 18 (Purushotham et al., 2015) cluster-based analysis of the ADC data. The following tissue outcomes were used in the analysis and were defined from the 4 infarct ROIs in the native space of the sqBOLD parameter maps.
5
• The ischaemic core is tissue common to both the presenting infarct and final 6 infarct.
7
• The infarct growth is tissue present in the final infarct that is not present in the 8 presenting infarct.
9
• The contralateral tissue is defined by a composite mask of the presenting and 10 final infarct tissue mirrored to the contralateral side of the brain. 
Registration

13
Registration of imaging modalities within a single time point was achieved using rigid 14 body registration (6 degrees of freedom (DOF)) (Jenkinson and Smith, 2001 ).
15
Between time point registration was performed using non-linear registration of the 16 T1-weighted structural scans to limit potential error introduced by edema and atrophy 17 (Harston et al., 2017a image. However, the presenting R2′ parameter maps show bilateral elevations in R2′ 24 on both the affected and unaffected sides. values for all parameters increased in the ischaemic regions (ischaemic core and 10 infarct growth) when compared to healthy tissue on the contralateral side (Figure 1 ).
11
The most obvious increase is seen in R2′ and this is driven by a statistically Ischaemic penumbra 16 The definition of the infarct growth region used in this study is expected to be 
Interpretability of [dHb] and OEF
6
It is evident that the relaxometry based method used in this study is sensitive to prevented from being delivered to the ischaemic core, meaning that signal is not 16 detected there and reduced oxygen metabolism is inferred. This is in contrast to 17 BOLD based measurements, which don't rely on the arrival of a tracer and hence the 18 presence of deoxyhaemoglobin will still cause an increase in R2′. Significant head-motion during imaging is a challenge in acute stroke patients.
9
Despite the segmented nature of the FLAIR-GASE acquisition, image artefacts were be attributed, at least in part, to the differences in onset to scan time (Table 1 ) and 4 differences in the perfusion and reperfusion status of the ischaemic tissue. As such, 5 it is difficult to hypothesise the expected metabolic state of this tissue on 6 presentation, but it is likely to be varied across the group, with each patient to refine the identification of the ischemic penumbra. These regions are later recruited to the 24 hour DWI lesion. Fiehler, J., Foth, M., Kucinski, T., Knab, R., Bezold, von, M., Weiller, C., Zeumer, H., Mazziotta, J., Toga, A., Evans, A., FOX, P., Lancaster, J., Zilles, K., Woods, R.,
